Introduction {#sec1-1}
============

Ovarian cancer (OC) is the seventh most common cancer in women.\[[@ref1]\] According to the Madras Metropolitan Tumour Registry, OC is the third leading cause of cancer death in women with an age-standardized rate of 7.8/100,000 populations.\[[@ref2]\] High mortality rate of OC is due to lack of early symptoms and effective screening procedure. The 5-year disease-free survival for patients with stage IIIc/IV is approximately 27%.\[[@ref3]\] The treatment methods available to treat OC include aggressive cytoreductive surgery and combinations of chemotherapy. These led to improved survival rate in treatment group. However, majority of patients who present in stage III/IV at diagnosis will have a high rate of disease relapse and mortality. Patients who are diagnosed at stage I/II have 5-year survival rates of 90/70%.\[[@ref4]\]

Insulin-like growth factor (IGF) system plays an extensive role in normal cell as well as in tumor cell biology. IGF system is comprised two peptide ligands (IGF1 and IGF2) which are structurally similar to insulin, a family of six different IGF-binding proteins (IGFBPs, 1--6), and two (IGF1 receptor \[IGF1R\] and IGF2R) membrane-spanning tyrosine kinase receptors. IGFBPs play a complex role in physiological system which is mainly responsible for protecting IGF in circulation and delivering them to their target site.\[[@ref5]\] According to the recent reports, IGFBPs exhibit IGF-dependent and IGF-independent functions as well.\[[@ref6]\] In female reproductive system, IGFs play a vital role in follicular development.\[[@ref7]\] They are responsible for repairing epithelial tissue after ovulation. During the menstrual cycle, ovarian and granulosa cells undergo rapid proliferation and differentiation which act as a target for insulin and IGFs. Ovarian tumor cells secrete these autocrine/paracrine factors and other cytokines to activate IGF-signaling pathway in epithelial origin which could mediate uncontrolled wound healing mechanism in the ovarian surface epithelium.\[[@ref8]\]

IGF family proteins were found to be usually dysregulated in several cancers including prostate, colorectal, breast, and esophageal cancer.\[[@ref9][@ref10]\] In addition, exogenous stimulation of OC cell line with IGF1 and IGF2 drives cell proliferation and plays a significant role in the OC pathophysiology and tumorigenesis.\[[@ref11]\] In our review, we have discussed the role of IGFs, IGFBPs, and its receptors in OC.

Insulin-Like Growth Factor Receptors and Signaling Pathways {#sec1-2}
===========================================================

IGF1, IGF2, and insulin bind to IGF1R and insulin receptors (IRs)-A and IR-B. All these receptors belong to the family of tyrosine kinase receptors. Insulin binds to the IRs with high and low affinity to the IGF1R, whereas IGF1 has high affinity to the IGF1R. IGF1R, IR-A, and IR-B form hybrid receptors when they are coexpressed in cells. IGF1 and IGF2 bind to these hybrid receptors with high affinity, whereas insulin binds with less affinity. In contrast to IGF, which is mainly involved in cell growth and survival, insulin is mainly involved in cell metabolic process.\[[@ref12]\] IGF2R lacks intracellular tyrosine kinase domain and binds only with IGF2 to regulate the extracellular concentration of IGF2. A study has showed that the unglycosylated IGF2 isoform has increased cell number 1.4-fold over vehicle control and excess of IGF2 isoform had no effect in cell proliferation when compared to mature IGF2.\[[@ref13]\] All IGFBPs, including IGFBP2, IGFBP3, and IGFBP5, bind IGF2 isoform similar to mature IGF2.

The IGF-signaling cascade is activated by the ligands. On ligand binding to its receptor IGF1R, the intracellular tyrosine kinase domains are activated by autophosphorylation which subsequently activates the insulin response elements (IR substrate \[IRS\] 1 and IRS2) through phosphorylation. This will activate similar signaling molecules called adaptor proteins (SHC). This complex activates phosphatidylinositol 3-kinase (PI3K) which converts phosphatidylinositol 3, 4 phosphate into phosphatidylinositol 3, 4, 5 phosphate. This secondary messenger activates Akt phosphorylation. Tuberous sclerosis protein 1/2 is downstream of Akt which inhibits mammalian target of rapamycin complex and regulate cell proliferation.\[[@ref14]\] This network inhibits apoptosis through phosphorylation of BCL2 Associated Agonist Of Cell Death (BAD) and FKHR. This signaling pathway can also activate SHC and GRB2 adaptor proteins which activate mitogen-activated protein kinase (MAPK) pathway resulting in cell proliferation.\[[@ref15]\] Phosphatase And Tensin Homolog (PTEN) inhibits both PI3K and Akt. IGFBPs modulate the bioavailability of IGF1 and IGF2 to their receptors. IGFBPs also exert several IGF-independent effects through direct interaction with cell membrane-bound proteins, such as integrins. In IGF-independent function, IGFBPs can inhibit nuclear factor-κB (NFκB) and promote cell death through caspase-8 activation.\[[@ref16]\]

IGF1R-signaling pathway promotes cell proliferation through activation of MAPK pathway and blockade of apoptosis pathway by inhibition of a proapoptotic protein BAD.\[[@ref17]\] It also inhibits apoptosis by phosphorylating apoptosis signal-regulating kinase 1 (ASK1) which is a mitogen-activated protein kinase kinase kinase. ASK1 is required for tumor necrosis factor-α-induced apoptosis and also oxidative stress-induced programmed cell death. Inhibition of ASK1 by IGF1R can activate cell proliferation, survival, and inhibit cell death.\[[@ref18]\] The recent studies have reported that a cross talk happens between a prosurvival protein such as aurora kinase A and IGF1/PI3K/Akt pathway at Akt activation.\[[@ref19]\] The representation of IGF1-signaling network has given in [Figure 1](#F1){ref-type="fig"}.

![The insulin-like growth factor 1-signaling pathway in cells. Insulin-like growth factor 1 activates both phosphatidylinositol 3-kinase/Akt and Ras/mitogen-activated protein kinase pathway resulting in cell proliferation, increased protein synthesis, and increased glucose metabolism. Phosphatidylinositol 3-kinase/Akt activates nuclear factor-κB for cell survival and inhibits apoptosis through inhibition of BAD and FKHR. Insulin-like growth factor-binding proteins modulate the bioavailability of insulin-like growth factor through direct binding in the extracellular space. Insulin-like growth factor-binding proteins also exert several insulin-like growth factor-independent effects through direct interaction with cell membrane-bound proteins, such as integrins](IJMPO-38-198-g001){#F1}

Clinical Importance of Insulin-Like Growth Factors in Ovarian Cancer Risk and Progression {#sec1-3}
=========================================================================================

All IGF-signaling system components are expressed in OC. These components have been shown to stimulate cell proliferation, invasive, and angiogenic activity of OC cells.\[[@ref20]\] In contrast, these effects were suppressed by IGFBPs.\[[@ref21]\] Several studies have revealed the prognostic value of IGF system components' expression in OC.\[[@ref22]\]

Obesity, insulin-like growth factors, and risk of ovarian cancer {#sec2-1}
----------------------------------------------------------------

Obesity is associated with poor survival in many cancers including breast, colorectal, and prostate cancer. Obese women may have aggressive tumors because excessive deposition of adipose tissue can upregulate cell proliferation and metastasis pathways.\[[@ref23]\] It has been found that obesity is associated with hyperinsulinemia which results in increased growth hormone receptor expression which in turn increases hepatic production of IGF1, resulting in increased free IGF1 levels. High IGF1 ultimately activates downstream signaling pathway including cell proliferation, invasion, and metastasis.\[[@ref24]\] White adipose tissue produces a protein called leptin which is encoded by a gene ob. This protein acts as a growth factor in a number of cancer cell lines including breast, endometrial, and prostate cancers. It has been shown to activate MAPK and NFκB pathway causing apoptosis resistance in colon, breast, and prostate cancer.\[[@ref25]\]

Obesity also increases the risk of ovarian, endometrial, and estrogen receptor/progesterone receptor (ER/PR)-positive postmenopausal breast cancer.\[[@ref26]\] A tissue microarray study reported Ob-R overexpression in 59.2% epithelial OC (EOC) and was associated with poor prognosis. A case-cohort study demonstrated a positive correlation between serum insulin levels and endometrioid adenocarcinoma which was independent of serum estradiol concentration. This correlation was stronger in obese women than in nonobese women. In contrast, there is an inverse relationship between free serum IGF1 and endometrioid adenocarcinoma.\[[@ref27]\] ER-positive breast cancer risk was found to be associated with circulating IGF.\[[@ref28]\]

Insulin-like growth factor-binding proteins in ovarian cancer {#sec2-2}
-------------------------------------------------------------

Six different IGFBPs (IGFBP1, IGFBP2, IGFBP3, IGFBP4, IGFBP5, and IGFBP6) have been identified by molecular cloning of their complementary DNAs from rat and human tissues.\[[@ref29]\] In four OC cell lines (EFO-21, EFO-27, MFO-35, and MFO-36), IGFBP3, IGFBP4, and IGFBP6 were often expressed while IGFBP2 followed by IGFBP5 was less commonly expressed; these cells did not express IGFBP1.\[[@ref30]\] Using quantitative serum proteomic study, it was reported that serum from patients with OC had differential expression of IGFBP3 and IGFBP6.\[[@ref31]\]

### Insulin-like growth factor-binding protein 1 {#sec3-1}

IGFBP1 was the first member of IGFBP family which has major effects on implantation and trophoblast invasion.\[[@ref32]\] It is the major binding protein in the secretory endometrium, decidua of placenta, and Arias-Stella glands of miscarriage material. Overexpression of IGFBP1 protein and messenger RNA (mRNA) was seen in ovarian clear cell adenocarcinoma (90.3%) compared with nonclear cell adenocarcinomas such as serous adenocarcinoma, endometrioid adenocarcinoma, and mucinous adenocarcinoma. However, there was no association between the tumor node metastasis stage and IGFBP1 expression.\[[@ref33]\]

### Insulin-like growth factor-binding protein 2 {#sec3-2}

IGFBP2 was the less abundant circulating IGFBPs. In an *in vitro* study, SKOV3 OC cell line has showed very low-level expression of endogenous IGFBP2. Hence, IGFBP2 overexpressing SKVO3 cells were derived by transfection of IGFBP2 overexpressing clones. The invasiveness of the IGFBP2 overexpressing cells was higher than the vector control. This proposes that recruitment of IGFBP2 is an important step in the penetration of the extracellular matrix (ECM) by OC cells.\[[@ref34]\] Lee *et al*. and Flyvbjerg *et al*. proposed that IGFBP2 was overexpressed in invasive ovarian carcinomas compared to borderline OCs and normal ovarian tissues in western blot and tissue microarray analysis.\[[@ref34][@ref35]\] Moreover, increased serum IGFBP2 level indicates a poor prognosis.\[[@ref36]\] A high level of IGFBP2 is present in ovarian tumor cystic fluid. These findings represent that high amount of IGFBP2 production by the tumor microenvironment leads to increased levels in cystic fluid to further cause spreading of malignancy. These studies demonstrate that autocrine-signaling network exists in OC microenvironment for IGF1. This will aid tumor cell proliferation in the ovary and further progression of the disease.\[[@ref37][@ref38]\]

### Insulin-like growth factor-binding protein 3 {#sec3-3}

IGFBP3 binds to both IGF1 and IGF2 ligands and forms an acid-labile subunit. This is the major circulating forms of IGFBPs in human serum and represents the prime regulator of IGF half-life in the circulation. It has both IGF-dependent and IGF-independent functions in human biological system. IGFBP3 inhibits cell proliferation and migration and induces cell death. It is transcriptionally regulated by p53\[[@ref39]\] and will act as a significant regulator of cell survival through IGF-independent mechanisms. The mutant IGFBP3 (lack of IGF1-binding site) when transfected into insulin-secreting RIN-m5F cells has been shown to induce apoptosis and inhibit cell growth in dose- and time-dependent manner than control cells.\[[@ref40]\]

### Insulin-like growth factor-binding protein 4 {#sec3-4}

The gene IGFBP4 is mapped to chromosome region 17q12-q21.1 by *in situ* hybridization.\[[@ref41]\] As with other IGFBPs, it also has ligand-independent activity. It is primarily secreted by the liver and present in all body fluids. It is also expressed by a number of organs including ovaries. In the ovary, in response to estrogen, it is upregulated and involved in the follicle selection.\[[@ref42]\] The diet which contains flaxseed reduced the mRNA expression of IGFBP4 in preneoplastic hen ovaries due to its antiestrogenic effect.\[[@ref43]\] The EOC transcriptome was analyzed using both early- and late-stage sample set by RNA-Seq and identified that IGFBP4 is highly expressed across all stages of EOC.\[[@ref44]\] Zhu *et al*. had shown IGFBP4 to inhibit Wnt signaling through interaction with Frizzled-8 and low-density lipoprotein receptor-related protein 6 (which is a Wnt co-receptor) in cardiomyocytes.\[[@ref45]\] IGFBP4 was also found to be differentially expressed in OCs, and additionally, serum IGFBP4 levels were elevated in OC patients even earlier than cancer antigen 125.\[[@ref44]\]

### Insulin-like growth factor-binding protein 5 {#sec3-5}

In both *in vitro* and *in vivo* systems, IGFBP5 functions as an antiangiogenic protein by inhibiting endothelial cell proliferation and migration. It also reduced the expression of phosphorylated Akt and phosphorylated endothelial nitric oxide synthase (eNOS) in human umbilical vascular endothelial cells which might be an IGF1-independent action. Both Akt and eNOS play an important role in angiogenesis when activated by vascular endothelial growth factor.\[[@ref21]\] IGFBP5 expression was significantly higher in high-grade serous adenocarcinoma compared to low-grade serous carcinoma, serous borderline tumors, benign cysts, and normal ovarian epithelial surface using immunohistochemical and tissue microarray analysis. Its expression was low to absent in ovarian clear cell carcinoma and mucinous carcinomas, suggesting that IGFBP5 may play a role in the genesis of high-grade serous tumor but not in the mucinous or clear cell tumor.\[[@ref36]\]

### Insulin-like growth factor-binding protein 6 {#sec3-6}

IGFBP6 differs from other family member proteins because it binds preferentially with IGF2 over IGF1. It has both IGF2-dependent and IGF2-independent functions. In the cell migration assay, IGFBP6 increases the migration of SKOV3 OC cells in the absence of IGF2, whereas in HEY, OC cells showed only basal level of migration without IGF2. Addition of IGF2 to increases migration of the HEY cells. This report suggests that in HEY cells, migration is IGF dependent. IGFBP6-dependent changes in migration of both cell lines were accompanied by Ras/MAPK-signaling pathway activation. Thus, this cannot explain the opposite direction of the migratory responses. IGFBP6 inhibits the actions of IGF2 and angiogenesis by an IGF-independent pathway.\[[@ref46]\] These may contribute to its antitumorigenic effects.\[[@ref47]\] A microarray study also reported that IGFBP6 mRNA levels were lower in OC tissue compared with normal ovarian tissue.\[[@ref48]\] This may reflect derepression of IGF2 action by decreased IGFBP6, but levels were not confirmed by an independent assay. Plasma levels of IGFBP6 in OC have been found to be downregulated in patients with OC compared to those without the cancer.\[[@ref49]\]

Pregnancy-associated plasma protein A and insulin-like growth factor system in ovarian cancer {#sec2-3}
---------------------------------------------------------------------------------------------

In 1974, Lin *et al*. identified human pregnancy-associated plasma protein A (PAPPA) in the plasma of pregnant women.\[[@ref50]\] Conover *et al*. was subsequently shown a novel proteinase activity of PAPPA responsible for cleavage of IGFBP4 in ovarian follicular fluid.\[[@ref51]\] A strong PAPPA and IGF connection was found in ovarian follicular growth and selection in multiple species. The proteolytic degradation of IGFBP4 is a common feature of preovulatory follicles from human, bovine, rodent, equine, porcine, and possum follicles. This is due to decreased IGFBP gene expression as well as to increased PAPPA activity.\[[@ref51][@ref52][@ref53][@ref54]\] This proteolytic degradation is IGF dependent and determines the IGF bioavailability which is an important determinant of follicular fate.\[[@ref53][@ref54][@ref55][@ref56]\] Thus, PAPPA increases bioavailability and mitogenic effect of IGF by an autocrine/paracrine regulation. Binding of PAPPA to the proteoglycans through PAPPA modules such as SCR3 and SCR4 on the cell surface causes proteolytic cleavage of IGFBP4 to occur in proximity of the IGF receptor. This will increase the probability that released IGF leads to receptor signaling.\[[@ref57][@ref58]\] The other substrates for PAPPA are IGFBP2\[[@ref59]\] and IGFBP5.\[[@ref60]\] This cleavage will occur in an IGF-independent manner.\[[@ref60]\] Hence, these IGFBPs are also cleaved by other proteinases such as PAPPA2, a structural homolog of PAPPA. However, physiological cleavage of IGFBP4 can be limited to PAPPA.\[[@ref58][@ref61]\] Compared with PAPPA, PAPPA2 has currently been much less studied.\[[@ref62]\]

PAPPA increases bioavailability of IGF and promotes ovarian tumor growth through degradation of IGFBP4. In an *in vitro* study using human, SKOV3 ovarian carcinoma cell line reported that clones with increased PAPPA expression showed promoted anchorage-independent growth compared with clones overexpressing mutant PAPPA and vector controls in soft agar assays. SKOV3 clones with the highest PAPPA expression and IGFBP proteolytic activity showed increased cell invasion in Matrigel assay. In an *in vivo* study, PAPPA overexpressing SKOV3 clones significantly accelerated tumor growth rates compared with mutant PAPPA and controls. This also favors angiogenesis and neovascularization months before obvious tumor development.\[[@ref63]\] The ascitic fluid of OC patients showed 46-fold higher PAPPA levels as compared to serum (*P* \< 0.001), and 80% of PAPPA was enzymatically active.\[[@ref64]\] This was supported by the finding that ascites contained more cleaved form of IGFBP4 than intact.\[[@ref64][@ref65]\] In addition, the expression of irreversible PAPPA inhibitor such as pro-major basic protein has showed to be increased in conditioned medium from short-term ovarian tumor cultures and transformed ovarian epithelial cells.\[[@ref66]\] The mRNA expression of PAPPA correlated with poor patient outcome in ovarian tumors.\[[@ref65]\]

Importance of Insulin-Like Growth Factors in Ovarian Cancer {#sec1-4}
===========================================================

IGF1R, a tyrosine kinase receptor, plays an important role in cancer biology. This has been well studied in cell culture and in animal models and found to play a role in tumor transformation, progression, and metastasis.

Role of insulin-like growth factors in ovarian cancer growth and progression {#sec2-4}
----------------------------------------------------------------------------

Receptor tyrosine kinase (RTK) was proven to play an important role in the formation and progression of cancer in human. Among RTK, IGF1R has been well studied in cell culture models as well as in animal models and confirmed its role in tumor transformation, disease progression, protection from cell death, and spread to distance organs. A relative balance between IGF-signaling network proteins plays a vital role in maintaining healthy ovarian tissue. This pathway was dysregulated in many cancers including OC. A study reported that serum-free high IGF1 levels increase the risk of developing OC and tumor progression in women \<55 years.\[[@ref67][@ref68]\] Murine ovary studies reported altered ovarian surface epithelium leading to hyperplasia in the ovaries and altered ECM deposition when cultured in the presence of insulin or IGF1.\[[@ref69]\]

Estrogen plays an important role in OC growth and progression in ERα-positive cancers. Estrogen reacts with target genes through AP1 site which exist in promoter of c-Myc and IGF1 genes.\[[@ref70]\] They have studied estrogen (estradiol, E2) and raloxifene (selective estrogen modulator) transcriptional response in CaOV3 (ERα positive), OVCAR-3 (ERα positive), and A2780 (ERα negative) OC cells. These results demonstrate that SRC-1 (IGF1 signaling pathway adapter protein) is a necessary determinant for the E2-stimulated cell cycle progression in OC cells. This report showed that E2 enhanced the c-Myc expression in ERα-positive cells but not in ERα-negative cells through transcription control. In contrast to E2, raloxifene did not have much effect in the transcription of c-Myc. Estrogen also modulates the expression of IGFBP3, IGFBP4, and IGFBP5 in ERα-positive cell culture but not IGFBP1, IGFBP2, and IGFBP6. This study indicates that IGFBPs can be a good predictive marker in ER-positive cases and help identify patients who are likely to respond to the treatment.\[[@ref71]\]

Aberrant insulin-like growth factor 1 receptor signaling in ovarian cancer {#sec2-5}
--------------------------------------------------------------------------

DOV-13°C cells are highly sensitive to anoikis which expresses high levels of protein tyrosine kinase 6 (PTK6). This has not been detected in normal ovarian surface epithelial cells. Interestingly, PTK6 mediates its role through activating downstream signaling molecules by autophosphorylation of IGF1R at tyrosine 1131, 1135, and 1136 in the presence of IGF1 which is responsible for anchorage-independent cell survival in OC.\[[@ref72]\] Another important anchorage-independent growth in OC is mediated by STAT3. Receptor of activated C kinase 1 forms a complex with STAT3 in cytosol which will be recruited to the IR-IGF1R heterodimers. This complex also recruits Janus Kinase\'s specifically for IR-IGF1R-mediated phosphorylation and subsequent to the receptor activation.\[[@ref73]\]

PRKCZ gene encodes a protein called protein kinase C (PKC) zeta (PKCζ) which belongs to the family of an enzyme serine-threonine kinase. The PAR polarity complex comprises PAR3, PAR6, and atypical PKC (PKCζ and PKCι). These polarity complexes regulate epithelial polarization through their interactions with the cytoskeleton and adhesion proteins. These usually exhibit alterations in cancer that drive tumorigenesis, but they are predominantly associated with tumor progression. However, cross talk between polarity complexes and other signaling pathways seems to drive tumorigenesis.\[[@ref74]\] In addition, the free IGF1 level will activate PKCζ in vascular smooth muscle cells. IGF1 also phosphorylates SHPS-1 kinase receptor which is a primary target of IGF1 in hyperglycemic conditions. Activated SHPS-1 forms a multiprotein-signaling complex with SHP-2/integrin-linked kinase (ILK)/PKCζ/vimentin. ILK in response to IGF1 recruits PKCζ to SHPS-1/vimentin complex. PKCζ phosphorylates vimentin at serine residues which opens a binding site for Receptor protein tyrosine phosphatase beta (RPTPβ). In conjunction with IGF1R, IGFBP2 binds with RPTPβ and stimulates the association of serine-phosphorylated vimentin/RPTPβ, resulting in RPTPβ polymerization. This leads to activation of the downstream signaling cascade such as inactivation of PTEN by increased PTEN tyrosine phosphorylation, activation of Akt, and cell proliferation by its phosphatase activity.\[[@ref75][@ref76]\] This PKCζ is known to plays a role in OC cell viability, proliferation, and migration. Seto and Andrulis reported that overexpression of PKCζ stimulated cell proliferation in SKOV3 OC cells by increasing either translation or stability of IGF1R and possibly leading to constitutive activation of IGF1-signaling cascade that results in transcriptional repression of ITGB3 and increases cell survival.\[[@ref77]\] A microarray analysis of serous OC showed that IGF2 was overexpressed in most of the cases analyzed compared to normal tissue.\[[@ref78]\] Loss of imprinting (LOI) is not a frequent event in serous OCs, and there is no association between elevated IGF2 expression and LOI in OC.\[[@ref79]\] The study reported that at an early stage of ovarian cancer showed hypomethylation of IGF2 differential methylation region and/or site 1 CCCTC-binding factor (CTCF) hypermethylation, whereas site 6 of CTCF was hypermethylated in advanced stage of disease. These data suggest that elevation of IGF2 levels occurs in the absence of IGF2 LOI. This could be used as a diagnostic method to detect the disease at early stage.\[[@ref80]\]

Prognostic Value {#sec1-5}
================

A study reported that high expression of IGF1R was predominantly observed in EOC than in benign tumors as well as in normal ovary.\[[@ref81]\] A methylation study has reported that malignant ovarian tumor is three times more methylated on IGFBP3 promoter region than low malignant tumor after adjusting for age.\[[@ref82]\] The prognostic value of IGF proteins are shown in [Table 1](#T1){ref-type="table"}.

###### 

Prognostic value of insulin-like growth factor-signaling proteins

![](IJMPO-38-198-g002)

Inhibition of Insulin-Like Growth Factor Network {#sec1-6}
================================================

IGF system is activated in many cancers including OC, which suggests that IGF network system is a promising therapeutic target in OC. An epidemiological study showed that high animal protein in the diet induces IGF1, insulin, and aging and is a major cause of mortality for people at age of 45--65 years. Restriction of IGF1 level by reducing the calorie intake and taking more of plant proteins than animal proteins relatively reduces cancer risk.\[[@ref87]\] The drugs that are currently in clinical trial and used for the treatment of cancer were given in [Table 2](#T2){ref-type="table"}.

###### 

List of insulin-like growth factor-signaling pathway inhibitory drugs

![](IJMPO-38-198-g003)

Numerous compounds were screened for IGF1R inhibitory studies. However, IGF1R\'s structural similarity with IRs makes it difficult in the development of IGF1R inhibitors exclusively blocking IGF1 signaling. Drug compounds targeting IGF1R also inhibit insulin pathway which contributes to hyperglycemia in clinical trials.\[[@ref88]\] This indicates that we need new potential targets in IGF network to treat cancer.

The following reasons are proposed for the failure of IGF1R-targeted therapy in cancer:\[[@ref89]\]

Cells are rendered resistant to IGF1R therapy due to mutations in PI3K which will constitutively activate Akt and is downstream to IGF1RTargeted therapy inhibits differentiation of hematopoietic precursors and neuronal cellsReplacement of IGF1R signaling by IR-ADevelopment of adaptive resistanceNuclear localization of IGF1R which hinders the accessibility of IGF1R-directed antibodiesHeterogeneous nature of the tumorCross talk between regulatory pathways and potential to evade regulatory checkpoints.

Alternate targets in the IGFR pathways include PAPPA and aurora kinase A. PAPPA is a protease that cleaves IGFBPs and increases free IGF level. This suggests that PAPPA may serve as a potential target in the IGF-signaling pathway.\[[@ref90]\] The antitumor efficacy of monoclonal PAPPA antibody (mAb-PA) was examined in multiple primary patient ovarian tumor graft models, and the tumor response was depending on PAPPA expression. Hence, the addition of mAb-PA to standard platinum chemotherapy sensitized platinum-resistant tumor. This also inhibited the development and progression and induced the regression of ovarian tumor.\[[@ref65]\] Aurora kinase A regulates mitosis in cell division which has been dysregulated in many tumors. This kinase interacts with IGF1/PI3K/Akt pathway and activates Akt. A study report suggests that inhibition of both aurora kinase A and PI3K gives a synergistic effect in cancer treatment.\[[@ref19]\] Mitsuhashi *et al*. reported on the effects of 4--6 weeks of preoperative administration of metformin to endometrial cancer patients, showing significant reduction in insulin, glucose, IGF1, leptin levels, and thymidine uptake activity of serum.\[[@ref91]\] This suggests the potential of metformin in endometrial cancers.

Conclusion {#sec1-7}
==========

Recent progress in research contributes better understanding of OC biology for identification and optimization of reliable biomarkers. The IGF family proteins are thought to play a vital role in cancer development and progression, but the exact molecular mechanisms have not yet been revealed. However, some members of the IGF family protein expression have shown promise as prognostic markers in OC but need more validation in larger number of samples. To date, IGFs can neither be used as biomarkers for OC screening nor as predictive marker for decision on OC patient therapy. The current IGF1R inhibitors have showed only limited benefit in OCs.
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